On the basis of the existing bit error rate (BER) formula of binary singling for orthogonal frequency division multiplexing employing maximalratio combining (OFDM-MRC) in correlated Nakagami-m fading channels, we derive an concise closed-form asymptotic BER explession along with the corresponding achievable coding gain and diversity order. The analytical derivation results enable us to effectively gain explicit and physical insights into the achievable BER performance of the considered system in the high signal-tonoise ratio (SNR) regime.
Introduction
Orthogonal frequency division multiplexing (OFDM) has been adopted in several wireless standards and applications, such as IEEE 802.11a, IEEE 802.16, IEEE 802.20, Digital Audio Broadcasting (DAB), Digital Terrestrial Video Broadcasting (DVB-T), etc., due to its various inherent advantages (e.g., robustness against the multipath fading, low-cost implementation, adaptability in the subcarrier modulation, etc.). In addition, it is also well known that the error rate performance can be further improved over fading environments by combining the OFDM system with various receive diversity techniques (e.g., maximal-ratio combining (MRC), equal-gain combining (EGC), etc.) [1] . Hence, there have been considerable research efforts to effectively evaluate the achievable error rate performance of the OFDM system with various diversity techniques in fading channels [2] [3] [4] .
In [4] , an exact but complicated closed-form expression for the average bit error rate (BER) of binary signaling (i.e., binary phase-shift keying (BPSK)) for the OFDM system in particular with MRC diversity was proposed over spatially correlated Nakagami-m fading channels. However, its computational complexity induced by the involved complex hypergeometric function hardly enables us to obtain any explicit insights into the system performance. Therefore, based on the existing BER formula given in [4] , in this paper, we aim at deriving a simple and effective closed-form asymptotic BER expression as well as a modulation gain and an asymptotic diversity order of the OFDM system incorporating MRC diversity technique with BPSK modulation especially in correlated Nakagami-m fading channels.
Existing Exact BER and Proposed Asymptotic BER Formulas
From [4, Eq. (18)], the existing exact BER expression of BPSK signaling for OFDM with N subcarriers and L-branch MRC over correlated Nakagami-m fading channels is given by
 denotes the average overall effective SNR at the output of MRC, m is the Nakagami fading parameter with 1/ 2, m   is the correlation coefficient, and
x is the Appell hypergeometric function [5] , particularly the complexity of which makes it difficult to gain useful and explicit insights into the achievable error rate performance.
Therefore, we adopt the high SNR approximation technique with T   to further simplify Eq. (1) into the following closed-form formula as 
. Then, considering the number of subcarriers (i.e., N), the total average BER of the OFDM system with L-branch MRC can be given by , 1 (1 ) .
In addition, from the fact that the asymptotic error rate can be given by [1] , where G  and d  denote the modulation gain and diversity order, respectively, we can obtain the corresponding modulation gain and diversity order as 
Numerical Results and Concluding Remarks
In this section, we present some numerical results to evaluate the BER performance of the BPSK modulation for the OFDM system with MRC in correlated Nakagami-m fading channels, as illustrated in Fig. 1 . From the figure, it can be evidently observed that the asymptotic BER lines yielded from the derived formula (i.e., Eq. (2)) tightly converge to the BER curves from the exact expression (i.e., Eq. (1)) for various fading conditions (i.e., m=0.5, 1.0 (Rayleigh fading), 1.5, 3.0) at high SNR. In addition, we can also apparently observe that the achievable diversity gain becomes mL, since in general the diversity order can be defined as the magnitude of the slope of the average error rate versus SNR on a log-log scale in the high SNR regime. In result, from the above numerical results, we can verify the accuracy and effeciency of our derived simple closed-form asymptotic BER expression, achievable coding gain, and diversity order of the OFDM system employing MRC diversity technique with BPSK signaling, in particular, over correlated Nakagami-m fading channels. 
